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Metabolism is at the core of cellular function, and it comprises
thousands of reactions that are involved in the degradation
of nutrients and biosynthesis of cellular constituents such
as proteins, lipids, carbohydrates, DNA and RNA. These
cellular constituents are macromolecules that are formed by
polymerization of so-called building blocks. Key building
blocks are amino acids (for biosynthesis of proteins), fatty
acids (for biosynthesis of lipids), nucleotides (for biosynthesis
of RNA and DNA), and sugar moieties (for biosynthesis of
carbohydrates). While there are more than 50 building blocks,
it is fascinating that these are all formed from only 12 so-called
precursor metabolites (Nielsen, 2003). These 12 precursor
metabolites are precursors for the formation of all organic
chemicals found in nature, and hence the biosynthesis of these
is remarkably conserved among all living organisms. They are
formed from carbon and energy sources, e.g., glucose,
fructose, and galactose, in what is generally referred to as
thecentralcarbon metabolism,whichbesidesformation ofthe
12 precursor metabolites also ensures provision of Gibbs
free energy, primarily in the form of ATP, and electron
acceptors/donors,primarilyintheformofNADHandNADPH,
that are required for biosynthesis of building blocks and
macromolecules. In order to ensure balanced provision of the
12 precursor metabolites, ATP, NADH, and NADPH for the
many different metabolic functions required for the cell
to survive in different environments, all organisms have
evolved to have a very tight regulation of the central carbon
metabolism.
Owing to the tight interaction of central carbon metabolism
with overall cell function, there is much interest in gaining
knowledge about its regulation. Such knowledge has both
medical and industrial relevance. Along these lines, recent
research has shown that there are large changes in the ﬂuxes
through the central carbon metabolism in connection
with cancer development (Vander Heiden et al, 2009), and
understanding the underlying regulation of these ﬂux changes
may allow for identiﬁcation of novel treatment strategies.
Also in the ﬁeld of industrial biotechnology there is
much interest in understanding how the central carbon
metabolism in industrial microorganisms is regulated, as
this may allow engineering of metabolism to redirect carbon
ﬂuxes toward precursors for industrially relevant
metabolites (Keasling, 2010). However, due to lack of knowl-
edge regarding the regulation of central carbon metabolism
ﬂux, it is often difﬁcult to perform this kind of metabolic
engineering.
In a recent, interesting article published in Molecular
Systems Biology, Sauer and co-workers evaluate how
different transcription factors control ﬂuxes through the
central carbon metabolism of the bacterium Escherichia coli
(Haverkorn van Rijsewijk et al, 2011). Through the use of
13C-
labeled carbon sources, followed by measurement of the
labeling in intracellular metabolites, they quantify the
ﬂuxes in the central carbon metabolism of E. coli grown on
glucose or galactose. When comparing the ﬂuxes on these two
carbon sources, they found that with galactose there is
primarily respiratory metabolism, whereas with glucose
there is a substantial overﬂow metabolism toward acetate.
What is interesting is that the respiratory metabolism
on galactose does not solely involve the traditional tricar-
boxylic acid cycle, but also uses a combination of the
glyoxylate cycle and phoshoenolpyruvate (PEP) carboxikinase
for respiration. The use of this alternative respiratory pathway
will require a relatively higher ﬂux through pyruvate kinase,
whichcanoccurbecausePEPisnotdrainedinconnectionwith
galactose uptake, as this sugar is not taken up by a
phosphotransferase system (PTS). In PTS systems, used for
glucose transport, the transport of the sugar is accompanied
with sugar phosphorylation driven by the co-current conver-
sion of PEP to pyruvate, and hence this transport system
consumes PEP. For galactose this additional PEP may now be
used for the slightly more energetically efﬁcient glyoxylate–
PEP carboxykinase respiration route (Fischer and Sauer,
2003).
Besides this interesting ﬁnding, the paper further provides
new insight into the transcriptional regulation of the ﬂuxes
through the central carbon metabolism of E. coli. The authors
quantiﬁed the metabolic ﬂuxes in 91 mutants with deletions of
individualtranscriptionfactors,onbothglucoseandgalactose.
On glucose, the authors do not ﬁnd any large changes in
the ﬂuxes in any of the 91 mutants, except for some small
re-direction of ﬂuxes around the acetyl-CoA node, and none
of the deletion mutants results in faster growth or increased
glucose uptake rate. This is different from what is observed in
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and Sauer, 2005),and it may indicate that E. coli has optimized
its glucose uptake and growth on glucose to its maximum,
whereas other organisms may have installed regulation to
reduce the sugar uptake rate. For galactose the situation is,
however, more similar to what has been found for B. subtilis.
Here, deletion of ﬁve transcription factors results in improved
galactose uptake and faster growth compared with the wild
type. It is further shown that these transcription factors seem
to regulate metabolism through the transcription factor, Crp,
which is known to regulate metabolism directly, e.g., by
increasing the transcription of PEP carboxykinase. Crp is a
cAMP receptor protein that is activated by cAMP, whose level
is decreasing with increasing glucose concentrations/uptake
rates. To evaluate whether the ﬂux through the glyoxylate
cycle–PEPcarboxykinaserouteis indeed repressedbyglucose,
the authors performed additional chemostat experiments, and
they found that this route is functional at low glucose-uptake
rates where the cAMP level is high. They further measured the
concentration of cAMP in different mutants. On the basis of all
these ﬁndings, it seems that galactose uptake and metabolism
is repressed through Crp, and the repressor is most likely
components of the glucose PTS.
Besides the fundamental insight into the regulation of ﬂuxes
in the central carbon metabolism in E. coli, the authors’ work
indicates that there is a fairly high degree of transcriptional
regulation of metabolic ﬂuxes in this bacterium. This has
signiﬁcant impact for the metabolic engineering of this
organism to produce different chemicals. This ﬁnding may
well hold for other bacteria, but it is surely not the case for
eukaryal cells, e.g., the yeast Saccharomyces cerevisiae, where
it is found that only a few reactions in the central carbon
metabolism are transcriptionally regulated (Daran-Lapujade
et al, 2007; Bordel et al, 2010).
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